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The preparation and certain . physical properties of

various alkyl methacrylates, particularly the n-alkyl

ssters, are described. The curve obtained by plotting
brittle points of the polymeric n-alkyl methacrylates
against carbon atoms in the alkyl group is similar in shape
to the corresponding curve of the n-alkyl acrylates. The
brittlé points of the n-alkyl polymethacrylates. decrease
with increasing molecular weight to the dodecyl ester
(brittle point, —34° C.) and then increase. Cetyl poly-
methacrylate, the highest alkyl ester studled, had a
brittle point of 15° C. The brittle points of the first eight
n-alkyl polyacrylates and twelve n-alkyl polymethacry-

N PREVIOUS papers (11, 12) the preparation of various alkyl
acrylabes by a convenient method was described, and certain
properties of the monomeric and polymeric acrylic esters were
reported. This paper oontams additional data obtained in a
more recent study of acrylic and methacrylic esters. Not. all
the n-alkyl esters were prepared, but from relationships observed
between physwal properties and molecular weights the properties
of the missing members can be estimated.
the information reported herein is of value because of the growing
importance of -acrylates and methacrylates and the fact that
earlier data on the subject, usually reported in patent literature,
are either inadequate or unreliable.

MONOMERIC ESTERS

- Alcoholysis, a method previously employed (2, 6, 7, 11, 12, 16)
in the preparation of both acrylic and methacrylic esters, was
used in most instances in this work to make the higher alkyl
“erylates and methacrylates. n-Tetradecyl methacrylate was
. aade from methacrylic anhydride and the alcohol.

* The boiling points of n-alkyl acrylates and methacrylates at’

different ‘pressures are given in Figures 1 and 2. The boiling
points at 10 and 760 mm. may be calculated from the total
number of carbon atoms, z, by Fquations 1 to 4 (T = °K.).

It is believed that

lates are strai'ght-lme functions of the logarithm of the

carbon atoms-in the alkyl groups. Williams plastometer

values of the polymeric n-alkyl acrylates, used as a measure

of hardness, decreased with increasing molecular weight

to approximately the nonyl ester. The plastometer values
were proportional to the brittle points for the methyl to

nonyl acrylates. Williams plastometer values obtained

with .the polymers of n-butyl, n-amyl, n-octyl, and n--
decyl polymethacrylates decreased with increase in the

length of the alkyl groups. The plastometer values of these

polymeric methacrylates were found to be proportlona]

to the brittle points.

n-Alkyl acrylates at 10 mm. T?10-¢ = 116z + 1.30 21)
0mm, 7210-4 = 1.87 2 4 4.40 (2)

n-Alkyl metha.orylntea a.t 10 mm, -T?10-4 = 1.1l z 4+ 1.50 53)
t760mm T210°4 = 184z+420 4)

This method for relating boiling points at 760 mm. to number
of carbon atoms has been used previously (Z, 4, 8). This relation-
ship and those represented by other equations of this paper are
usually unsatisfactory for the first two or three members of a
homologous series.

The boiling points (°C.) at 760 mm. of the n-alkyl acrylates
and methacrylates, Bg, can be estimated also from the boilirig
points of the corresponding alcohols, B, by Equations 5 and 6
(Figure 3):

Acrylates Bg ='1.07 B4 + 18 (5)
Methacrylabes Bg = 102 B4 -+ 41 1(6_)

The boiling points at 760 ‘mm. of the n-alkanols may be ¢al-
culated (T = ° K., z = carbon atoms):

T:10~* = 1.68 = + 8.50

With the exception of the first two members of the homologous
series, straight lines were obtained by plotting refractive indoxes
of n-alkyl butyrates (3, 9, 13) against thosc of the corresponding
alkyl acrylates and methacrylates (Figure 4 and Table ).
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POLYMERIC ESTERS
. The alkyl methacrylates were emulsion polymerized by the
¥ » A method employed previously (11, 12) to convert acrylic esters
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TaBLE I. ALKYL METHACRYLATES
l‘fyieig, . Saponification p%ﬁ,t:] 3; UNDECY e
Meth- Pheo- Mol. Refraction Equivalent Polymer, w
acrylate retical % dz° Caled. Found  Caled. Found °C.’ H oYL, 7
Methyl a 1.4142 0.9440 26.47 26.54 100.1 101.6 ‘90 2 ot -
Ethyl . a 1.4147 0.9135 31.09 31.24 114.1 115.6 50 2 e
n-Propyl 926 .1.4190 0.9022 35.71 35.88  128.2 129.0 36 Srez
n-Butyl a 1.4240 0.8936 40.33 40,61 142.2 1442 16 f A"""
Isobutyl a 1.4200.  0.8865 40.33 40.60 142:2 1439 54 s X
n-Amyl 82b 1.4284 " -0.8890¢ = 44.95 45.25 156.2 157.2 -5 boer / .
0.8910 45.15 <, : -
n-Octyl @ ..1.4374:  0.8804 58.81 59.05 198.3 200.4 -16 L/ Lol
2-Ethylhexyl 986 1.4390 0.8847 58.81 58.96 198.3 200.4 -10 b £
n-Deoyl ™ - 745 1.4418 0.8767 68.05 68.28 226.4 227.3 —28 - oy
n-Dodecyl @ "1.4452 0.8735 77.28 77.52 254 .4 253.8 -34 wl B |
n-Tetradecyl 684 1.44804  0.8710¢  86.51 8681 282.5 281.4 -5 = . YT TT——T)
‘1.4495 0.8740 86.76" D OF A-ALKYL ACRYLATE OR METHACRYLATE -
n-Hexadeoyl @ 1.4515 0.8695 95.75 96.24 310.5 315.0 15,

4 Samples obtained b& 'l"edistilla.tion of
b Prepared by the alcoholysis of methyl methacrylate.
¢ Smoothed value from curves prepared by plotting n%?

products supplied by the Rohm & Haas Company.

or d3° against carbon atoms,

d Prepared from methacrylic anhydride and the alcohol.

Figure 4. Kelation betwe¢
Refractive Indexes of n-Alk:
n-Butyrates and Corréspond-
ing n-Alkyl Acrylates #and
‘Methacrylates
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Figure 5. Relation between Physicél Properties of
Alkyl Acrylates and Corresponding Alkyl Meth-
acrylates
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EXPERIMENTAL

Methyl, ethyl, n-butyl, isobutyl, n-octyl, n-dodecyl, and n-
kindly furnished by the Rohm
distilled through fractionating col-
to 40 theoretical plates. n-
n-decyl methacrylates were

prepared by the procedmje'previously described (12) for the

mers, which were prepared under similar conditions, were ea-
amined to determine the relationships between the number of
carbon atoms in the monomeric ester and brittle point and hard-
ness of .the polymer. (One of the reviewers has pointed out that
the higher n-alkyl polyacrylates and polymethacrylates form
relatively hard, Lrittle, opaque, and apparently crystalline wdxes
having fairly sharp melting points and that, in Figure 6, the left-
hand portions of the curves represent brittle points whereas the
right-hand portions represent melting points of these crystalline
waxes.) o : :
. ‘The curve obtained by plotting the brittle points of the poly-
meric n-alkyl methacrylatgs against the number of carbon atoms
in-the n-alkyl group is roughly similar in shape to the corre-
sponding curve for the polyacrylic csters (Figure 6). However,
the lowest. point (—34° C.) of the curve is reached with the
dodecyl ester, whereas octyl polyacrylate has the lowest brittle
" point (—65° C.) of the acrylic polymers. The two curves cross
at the decyl esters. Unless the curves cross again at some ester
higher than n-octadecyl, ‘many polymeric n-alkyl .acrylates—
that is, all except the first nine or ten members—have higher
brittle points than the corresponding methacrylates.

The brittle points of the first eight acrylates and twelve meth-
acrylates are straight-line functions of the logarithm of the carbon
atoms in ‘the alkyl groups
(Figure 7).
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Figure 7. . Brittle Points of Polymeric n-Alkyl
_Acrylates and Methacrylates :

~ Comparison of the brittle
points of isobutyl and 2-ethyl-
hexyl polymethacrylates: with
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(é-g:am spheres at 26° C.) .
. Centimeters, at )

- . ) . Polyacryli
those ‘of the:jsomerig n-buty! ysorylie T S i Smia. 5 min. 10 min, 15 min. 25 min. 35 min. 45 min.
and ;mootyl esters Indieates etk 0.213 0200 0.2062 03032 0.2048 $-180° :53 01945 01038 01033 0-19%8
3 ranchi € ¢ b . . . . . . B - . . .
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up - rai “bri i n-But; 0.1 .1 . . . . . . . . .
group ' raises he  brittle _point 7-Ootyl 348 0:081° 0.0755 0.0705 0.068 0065 0.0615 0.0592 0.0305 0.0551 0.0538
in the methacrylate series. n-Nonyl 0:078 0,073 0.0695 0.0655 0.063 0.0608 0.0575 ... 0.053 0.051 0.051
"This effect .of branching on nNonyl eyl 0.076 0,073 0.071 .0.0695 0.067 0.0655 0.063 0.0613 0.0595 0.0583 0.0575
phe.brittle' point has been ob- - ‘
«served previously for both Tapie IIL - Winuiams PARALLEL PLATE PLASTOMETER READINGS WITH POLYMETHACRYLIC
gorylates (10, 1) and meth- -ESTERS
scrylatés (6, 14). , ~(2-gram spheres at 26° C.)

Williams (17) plasticity data Poly- ) Centimeters, at ,
were determined and used as .acrylic 10 30 1 2 3 5 10 5 20 30 45 60 90
AR ~of the hardness of Ester  sec. gec. min. min. min, min. min. mio. o min. min. - min. D
, Moeagurd O o hardness oL nButyl 0.601 0.502 0.581 0.565 0.555 0.540 0.516 0.501 0.490 0704 0.457 0.445 0.430
the, polymers- (Figures. 8, -9, mAmyl 01388 0.320 0.303 0200 0385 0303 0:75s 0258 0254 0.248 024 0-1% 0.3
n - p y -Oct; of . . . -0. . . . . . W1 . .
10,°and Tables II, III). As nDecyl 0,111 0.097 0.089 0.081 0.075 0 0.057 0,054 0.051.°0.049 -0.046

might-be expected, the curves

10,070 0.063 0.06




.?o,.pr. T T T T T T alcoholysis of methyl
B Juerisoniires | { ] | methacrylate. '
E EERENRREERERAL . Fractionating - . col-
.So. 1= NEE ) e e umns having high ‘ca-
o : S \BERERERE pacity and alarge num=
R ENUERECEN ber of theoretical plates
-§o'. ”":‘: R greatly accelerate the
£ LLL : alcoholysis when pri-
ERELELS N N LY mary alcohols are used.
For fastest reaction it is

essential that the by-
product aleohol be re-
moved as fast as
formed; this required
that the column have
both a suitable capac-
ity for the size of the reaction mixture and high enough efficiency
to separate sharply the azeotrope of the by-product alcohol and the
lower estér from the lower ester. This separation is relatively
easy when using methyl methacrylate or ethyl acrylate but more
difficult when using methyl acrylate.

Most of the authors’ earlier work (11, 12) was done with
columns having 5 to 10 theoretical plates and relatively low
capacity. Later work with columns having 20 to 50 theoretical
plates and higher capacity has revealed previously undetected
differences in the rate of reaction of various alcohols. For in-
stance, in the earlier work 2-ethylhexanol and 2-octanol appeared
to react at about the same rate. In experiments with the more
efficient columns, the former reacted three or four times as fast
as the latter. Most of the primary alcohols require 4 to 8 hours
for the alcoholysis to reach 90 to 95% completion. ‘

" n-TETRADECYL METHACRYLATE. - One mole of myristyl alcohol,
0.5 ce. of sulfuric acid, and 1 gram of copper powder were put ina
flask fitted with a stirrer and dropping funnel. While the con-

Figure 8. Relation between
Williams Plasticity and Carbon
Atoms in Alkyl Group of Poly-
meric n-Alkyl Aecrylates and
Methacrylates’

—T

0.60' . 1 —1
0.30 : .
a-BUTYL ATE
° : i M
) { t
030, -ANYL AT
{
023 A p
. venrL ae |
o 0.20f 313 !
o ' -
g ots T YL ATE
H —
& o0 -
249 BUTTL ATE. x
o8, B N B | : :
oor — raae 3
006 = :
005 A Qg

o
0.04 I N
8

o
]

i ~PROPTL | AGRYLATE o
o :

799 =

g om -

£ o

i 006 -0.

z

0-1;1‘" ADECVL AGAVLATE
s 4 . . 8 10 # 20 30 40 80 6070 90
TIME  IN  MINUTES

005

(X3 |
D ———
304“ ry
3 —
b s0CTHL METHAGRYLATE] oty
%o : ——
Z op!
8 008 Sy
z T
* o071 ? t—t—
006 | Y -
11
003 A-DECYL _ METHACRYLATE| a1\
X L o=t
oot 1 I
s 2 3 4 8 6 8 10 IS 20 30 40 50 6070 90

TINE IN  MINUTES

Figure 10. Williams Plastometer Readings Obtained
at Room Temperature with Polymeric Acrylates and
Methacrylates
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Figure 9.  Williams Plasticity of Polymeric
n-Alkyl Acrylates and Methacrylates as a
Function of Carbon Atoms in Alkyl-Groups

tents of the flask were kept at about 80° C., 1.1 moles of meth-
acrylic anhydride were slowly added. - When addition was com-
plete, the mixture was heated at 100° C. for 3 hours and then
left overnight. Two grams of sodium acetate were added to
neutralize the sulfuric acid, and the mixture was distilled through
a shott column. -The product boiled at 140° to 145° C. (0.2 mm.),
and the yield was 68%. A large polymeric residue remained;
this indicated that the copper powder was an inadequate in-
hibitor. The product was redistilled through an efficient column.
without formation of polymer; diamylhydroquinone was used as
an inhibitor. ) »

IsoBUTYL AND 2-EraYLEEXYL METHACRYLATES. These boils

at52° C. (12 mm.) and 88° C. (3.5 mm.), respectively; the boilin!
points of the other methacrylates are shown in Figure 2. 2-
Ethylhexyl methacrylate and several acrylic esters exploded with
violence during attempts to determine carbon and hydrogen by
dry combustion (observation by C. O. Willits and .associates of
this laboratory).
" p-ALeyL AcryraTes. The following constants for the: n-
alkyl acrylates are now preferred to those previously published:
amyl, d*, 0.8920; hexyl, »%, 1.4280; heptyl, n¥, 1:4317;
octyl, n3®, 1.4350; nonyl, n%, 1.4375.

PoLymerizATION. The methacrylates were polymerized in
emulsion; Triton 720 (16) was used as emulsifier and ammonium
persulfate or benzoyl peroxide as.catalyst. _Benzoyl ‘peroxide
was used because the persulfate was ineffective- with ‘dodecyl
and higher estérs. -Most of the polymers of the higher acrylates
and :methacrylates were
incompletely soluble in
the organic solvents
tested. Therefore, in- I
trinsic viscosities were . .
not determined. Brittle
points were determined,
as previously described
for the polyacrylates
(11), by flexing strips of
the polymer _(rqughlg —— ] : -
0.08 inch thick) an § 4 -
noting the temperature L_:l.,._” o R o
at which the samples
broke because of brittle-
ness. Samples were im-
mersed ~ for approxi-
mately 2 minutes before
flexing.

o
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Figure 11. Relation between
Williams Plasticity and Brit
Points of Polymeric 'n-Alk
Acrylates and:Méthacrylates

Numbers, indicate carbon atoms in
alkyl groups
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